4.0 Digital Transmission (1) —
Modulation and Systems

4.1 Basic Digital Modulation Schemes

e Modulation :
modifying some parameters of a carrier signal
(at carrier frequency f;) according to the data
message, while the carrier signal can be
transmitted in some desired frequency band

e Basic Forms
p(t) = {sl(t) , [0, T] , for“l
), [0, T] , for“0O’
T : bit duration
s(t) =2 p(t-KT)
« 3 Basic Schemes
- Amplitude Shift Keying (ASK)
si(t) =A cos(2rft), [O,T]
St)= 0 , [0, T]
- Frequency Shift Keying (FSK)
s (t) =A cos(2rfat), [O, T]
S(t) =A cos(2rfot), [0, T]
See Fig. 6.25, p. 382 of Haykin
- Phase Shift Keying (PSK)
si(t) =A cos(2rft), [O,T]
So(t) = A cos(2nft+m) = —Acos(2nft) ,[ O, T ]
For each bit pulse having integer number of cycles
fe=ner=n/T
n = interger
r= % = bit rate



Binary PSK (BPSK)

- Vector SpaceAnalysis
- 1- dim space is adequate
o(t) = (%)“2 cos (2nfd), [0, T]
= (Ep)”*
S =~ (Bn)"?
SeeFig. 6.3, p. 350 of Haykin
Pe= Q(2(E2)]™?)

- A minimum energy signal set, efficient in
using E,/ Ng

- Antipodal signal set
S=-%1
- Spectral Behavior
Ry(1) = E[s()s(t+7)]
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Differential PSK (DPSK)
- difficult to distinguish at the receiver which
phase represents 1 or O

- datarepresented by “relative phase’ instead
of “absolute phase”

- BPSK
si(t) =A cos(2nft), [0, T]
S(t) =A cos(2rft+m) =—so(t), [0, T]
data represented by “ absolute phase”

DPSK
S(t) = A cos(2nft+dy), [KT, (K+DT]
Pk =t , X=1
Ok = Px—1 , Xk=0
data represented by “relative phase”’




Quadriphase-shift Keying (OPSK)
- Signal Sets
s(t) = A cos[2nf H+(2i—1) 21, [0,Te=2T)
1=1,2,3,4 for 00,01, 11, 10
2 bits/symbol

s(t) = A cog[(2i-1) %]cos(Zm‘ct)
~Asin[(2i-1) % ]sin(2xf )
= A/ (2Y3)[ +cos(2nf ) £sin(2nf )], [0, T=2T]
- It can be shown
dat) = (2—2T )2 cos(2nfd), [0, 2T]
0o(t) = (%) sin(2nft) . [0, 2T]

are orthonormal basis
5= (i%(ZT)”Z,i%(ZT)”Z), =123 4

4 signal vectors on (¢1(t), ¢o(t)) plane, N=2, M=4
SeFig. 6.6, p. 355 of Haykin



Quadriphase-shift Keying (OPSK)

* Receiver Sructure2(N=2<4=M)
X = (X1, X2)
X = /T Xt Ot
= [x(O1 - [¢;(0)]
- [ £ @0a(t) £ aho(t) + N(Y) | «[¢a(t)] =+ a2+ M
- orthogonal signal component deleted
- just likea BPSK in each dimension

e Exactly like 2 BPSK signals on orthogonal
dimensions
- same Pe
- same S4(f) but with half bandwidth or
doubled bandwidth efficiency

M-ary PSK
M =2" symbols, n bits/symbol
5(t) = Acos[2nf t+ % (i-1)],i=1.2,...M, [0,T=nT]

s(t) can be similarly expanded in 2-dim plane

of (¢a(t), ¢=(t))

n=3 8PSK
n=4 16PSK
n=5 32PSK

SeFig. 6.15, p. 366 of Haykin

- degraded error rate performance but
Improved bandwidth efficiency

Ref : 6.1, 6.2, 6.3 of Haykin



